ABSTRACT
variables had the greatest influence on increasing the size of the surgical margin.
Methods:
A retrospective cohort study was conducted at the Royal Brisbane and Women's Hospital of patients who underwent resective surgery for a primary oral cavity cancer between January 1, 2008 and December 31, 2012. The primary outcome variable was the surgical margin, defined as the closest distance between the surgical edge and invasive cancer. A heterogeneous set of predictor variables were identified as potentially impacting on the primary outcome variable: demographic, 5 surgical, and 7 histological variables. The data then underwent statistical analysis using univariable linear regression, and variables that were found to have a statistical association were retained in a non-interaction multivariable model.
Results:
250 patients were included in this study. The results demonstrated that highvolume surgeons delivered larger surgical margins than low-volume surgeons.
The single most important variable associated with larger surgical margins M A N U S C R I P T
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was who performed the resective operation. The following variables were also associated with smaller surgical margins: retromolar trigone location; non-SCC cancers; perineural invasion; and a lip-split mandibulectomy surigical approach.
Conclusion:
There was a strong association between high-volume surgeons and larger surgical margins; supporting the rationalization of oral cavity cancer management into high-volume centers and high-volume surgeons.
Keywords:
Oral cancer High-volume Involved margins (invasive cancer at the resection site) and close margins (invasive cancer within 5mm, but not involving the resection site) are both associated with local disease recurrence and poorer survival rates. 3, 4 Therefore, achieving clear margins (no invasive cancer within 5mm of the resection site) is highly desirable to improve patient outcomes.
When patients present for treatment, many prognostic factors are already predetermined, such as tumor size, nodal involvement, distant metastases and patient age. 5 The surgical margin, however, is a significant independent prognostic factor that clinicians can influence. Therefore, understanding what alters the surgical margin is highly relevant, as we can improve patient survival rates.
4
There is very little in the current literature on this subject. Sutton et al. 4 have previously defined histological factors, which were associated with poorer surgical margins in oral cavity cancer. Perineural invasion, vascular invasion, greater tumor size, and more aggressive tumors were all found to be independently associated with close or involved surgical margins. There is M A N U S C R I P T
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very little known about how specific surgical techniques and clinical practices play a role.
The purpose of this study was to identify which surgical and histological factors influence the surgical margin in oral cavity cancer surgery. The authors hypothesized that variables existed that could be manipulated to improve the surgical margin. The aims of this study were to 1) measure and compare the data to see which variables correlated with a statistically larger surgical margin; 2) propose evidence-based methods to increase the surgical margin.
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MATERIALS AND METHODS:
Study Design:
To address the research purpose, the investigators designed and implemented a retrospective cohort study. The study sample was derived from the population of patients who presented to the Royal Brisbane and 
Study Variables:
In this study the primary outcome variable was the surgical margin, defined as the closest distance between the surgical edge of the excision specimen and histological evidence of invasive cancer. This was coded as a continuous variable in millimeters. During surgical resection of oral cavity cancer, the current practice at RBWH is to aim for a macroscopic surgical margin of at least 10mm. Intraoperative frozen section was utilized variably between different surgeons, where there was concern for potential involvement of surgical margins. Post-operatively the excision specimens were fixed in formalin and analyzed by the RBWH anatomical pathology unit. Although formalin can shrink specimens, and therefore alter the surgical margins, the M A N U S C R I P T A C C E P T E D 
Data Collection & Management:
Two medical practitioners, familiar with intra-operative processes and histopathology techniques, were involved in the data collection. Eligible patients were identified from the RBWH Multi-Disciplinary Team Head and Neck Cancer Committee's database, which documents all new patients and recurrences. Data was gathered from the patient's medical file; using the M A N U S C R I P T
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operative report and the histopathology report. In cases where the information was not available in the patient's medical file, information was found on the hospital's intranet databases: "Auslab" for pathology; and "ORMIS" for surgical documentation. The data was collated into a single excel spreadsheet that contained the primary outcome variable and the predictor variables. All personal information was de-identified.
Data Analysis:
The data then underwent statistical analysis using univariable linear regression, which determined associations between the surgical margin and the predictor variables. Variables that were found to have a statistical association (p < 0.15) were retained in a non-interaction multivariable model.
Age was also forced into the model, due to potential confounding. Finally, the potential effect modification was explored for each of these of variables, by testing all two-way joint effects using the likelihood ratio test. Co-linearity in the final model was tested using variance inflation factors, and model diagnostics were checked by assessing the residual distribution. Prior to analysis, a two-tailed p-value of less than 0.05 was considered to be statistically significant. Analyses were performed using Stata Version 13.0 (StataCorp, College Station, Texas).
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RESULTS:
During the study interval, 540 patients were screened for eligibility. Some patients were not offered surgery (n=116); some did not want surgery (n=16); some opted for private treatment at another site (n=130); and some did not actually have a primary oral cavity cancer in the final histopathology report (n=38). In total, 240 patients were identified for inclusion in the study, requiring a total of 250 primary resections. Of the 240 patients included, 6
patients had 2 synchronous primaries and 2 patients had 3 synchronous primaries, which were resected at different times during the study period. All patients had a histopathological report and an operative report, from which all relevant data was extracted, and no eligible patients were excluded due to incomplete data. The final sample was composed of 250 patients with a mean age of 59.4 years (SD: 13.90). Table 1 summarizes the makeup of the patient characteristics for the cohort.
The results are divided into major categories: demographic variables; 5 surgical variables; and 7 histological variables. Table 2 indicates that cancers that were located in the retromolar trigone were found to have surgical margins that were on average 2.095mm (95%CI: - propose evidence-based methods to increase the surgical margin.
The results of this study confirm the hypothesis that there were specific variables, which were associated with a change in size of the surgical margin.
The results of the 6 statistically significant study variables shall be discussed in detail below. Furthermore, clinically relevant study variables, which had no statistically significant effect on the surgical margin, will also be discussed.
From these results, the authors have proposed evidence-based practices to increase the width of the surgical margin.
Statistically Significant Variables:
Volume Surgery:
The results of this study indicated that surgeons who had resected higher volumes of oral cavity cancer (surgeon group 1) had larger surgical margins, compared to the lower volume groups (both resective surgeon group 2 and M A N U S C R I P T
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resective surgeon group 3) and that this variable was statistically the most significant amongst all variables included in the study. .
Following a review of the existing medical literature, this volume-outcome relationship has not been previously described for oral cavity cancer surgery in relation to the surgical margin. Given these significant findings, this study supports the rationalization of oral cavity cancer management into highvolume centers and high-volume surgeons on the basis of the associated increase in surgical margins, which itself is associated with lower rates of tumor recurrence and higher rates of patient survival.
Cancer Location: Retromolar trigone
The results of this paper demonstrated an association between smaller In previous studies, higher rates of involved surgical margins (20%) have been described for soft tissue sarcoma (all locations). 11 Our analysis has also indicated that non-SCC of the oral cavity, including both sarcomas and salivary carcinomas, were associated with smaller surgical margins than SCC.
However, consideration should be given the relatively small number of non-SCC cases included in this study (n=13).
Perineural Invasion:
Perineural invasion is known to be associated with local tumor recurrence and decreased survival rates. 12, 13 This study has also shown an association between smaller surgical margins and perineural invasion. This association could be explained by the fact that macroscopic inspection by the resective surgeon, will not detect microscopic extensions of the tumor mass.
Surgical Approach: Lip-split mandibulectomy:
The results of this study indicate that tumors resected with a lip-split mandibulectomy procedure were associated with smaller surgical margins than other surgical approaches. However, the authors would suggest caution interpreting this result given the small cohort size (n = 9). 
Non-Statistically Significant
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Frozen Section:
The results of this study indicate that there is no statistically significant improvement in the surgical margin associated with intra-operative frozen section, in oral cavity cancer surgery. Frozen sections are used intraoperatively to determine a preliminary margin, with the aim of improving the definitive surgical margin. Frozen sections do, however, add to the cost of operations, both in terms of increased service provision and materials, and also increase in the duration of surgery. Many surgeons support the use of frozen section for its theoretical benefit, despite their being conflicting results in medical literature: Two prospective studies 17, 18 and one retrospective study 19 showed no improvement in the surgical margin with the use of intraoperative frozen section in oral cavity cancer; whereas, two retrospective studies 20, 21 have demonstrated improvement in the surgical margin and decreased recurrence rates.
Access Procedures:
Surgical access procedures aim to increase exposure to the primary oral cavity cancer by dissecting through normal facial tissue and creating a flap. 
